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Epitome 



(57) [Abstract] 

[Objects of the Invention] Even when a part of several-variables I/O becomes abnormalities by failure of a sensor 
and an actuator, it enables it to perform succeedingly normal control action. 

[Elements of the Invention] A control input count means to calculate an actuation output so that the controlled- 
variable signal from the plant which is a controlled system may be inputted and the signal may follow the set point, 
The model storing section which stored two or more models which described the causal relation for every 
combination of each input of a controlled-system process, and an output, An abnormality detection means to input 
the controlled-variable signal from the control input and controlled system from a control input count means, to 
monitor these continuously, and to detect those abnormal conditions, It has a model-selection means to choose 
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from said model storing section the model corresponding to the input and output which are not unusual as for the 
case where abnormalities are detected with this abnormality detection means. A control input count means It 
constituted so that the valuation basis given there might be made into min using the model chosen with the model- 
selection means and an actuation output might be calculated. 
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CUMMS 



[Claim(s)] 

[Claim 1] It is the multi-variable control automatic controller which is equipped with the following and 
characterized by said control input count means calculating a control input so that the valuation basis given there 
may be made into min using the model chosen with the model-selection means. A control input count means to 
calculate a control input so that the controlled-variable signal from the plant which is a controlled system may be 
inputted and the signal may follow the set point The model storing section which stored two or more models which 
described the causal relation for every combination of each input of a control I ed-sy stem process, and an output 
An abnormality detection means to input the controlled-variable signal from the control input and controlled 
system from said control input count means, to monitor these continuously, and to detect those abnormal 
conditions A model-selection means to choose from said model storing section the model corresponding to the 
input and output which are not unusual as for the case where abnormalities are detected with this abnormality 
detection means 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the multi-variable control accommodation form where it enabled it 
to perform control continuously, even when either of much I/O becomes unusual in more detail about the multi- 
variable control automatic controller treating much inputs and much outputs. 
[0002] 

[Description of the Prior Art] Drawing 4 and drawin g 5 are the configuration block Figs, showing the conventional 
example of the process automatic controller treating I/O of several variables. The example of drawin g 4 
decomposes a several-variables process into one input and 1 output system, constitutes an automatic controller, 
and he is trying to control two processes by the control outputs U1 and U2 from each automatic controller using 
the single-loop automatic controllers CNT1 and CNT2 which input measurement signals Y1 and Y2 from Process 
PR, respectively. 

[0003] The automatic controller CNT0 which treats a several-variables process with several variables is used for 
the example of drawin g 5 . This automatic controller considers one variable (deflection of a measurement signal 
and the set point) as an input inside, and constitutes it from the automatic-controller sections C1 and C2 
outputted to the control edge at which self takes charge of a control output, and the automatic-controller sections 
C3 and C4 (automatic-controller section of tucking-up-its-sleeves-with-a-cord structure) which input one 
variable and add a control output to a control output from the near automatic-controller section of another side. 
[0004] 

[Problem(s) to be Solved by the Invention] drawing 6 and drawin g 7 are drawin g 4 and the wave form chart showing 
the control response in the example of since [ of dr awin g 5 / each ] **. According to the conventional example of 
drawin g 4 , the control outputs Y1 and Y2 from each automatic controllers CNT1 and CNT2 interfere each other, 
as shown in drawin g 6 , and the technical problem of it becoming impossible to maintain the good control 
characteristic occurs. 

[0005] On the other hand, according to the conventional example of drawin g 5 , as shown in the control response 
waveform of drawin g 7 , the disturbance produced from internal interference is suppressed and good controllability 
ability can be maintained. However, when it carried out that many sensors [ some ] installed in the process broke 
down etc., and a part of measurement signal (controlled variable) will be in an abnormal condition and failure of an 
actuator etc. produces which these conventional examples, the technical problem of it becoming impossible to 
perform stable control occurs. 

[0006] This invention aims at offering the automatic controller which can control a several -variables process to 
stability succeedingly, even when it is made in view of such a point and some of sensors and actuators break down. 

[0007] 

[Means for Solving the Problem] A control input count means to calculate an actuation output so that this 
invention which attains such a purpose may input the controlled-variable signal from the plant which is a controlled 
system and the signal may follow the set point, The model storing section which consists of two or more models 
which described the causal relation for every combination of each input of a controlled-system process, and an 
output, An abnormality detection means to input the controlled-variable signal from the control input and 
controlled system from said control input count means, to monitor these continuously, and to detect those 
abnormal conditions, It has a model-selection means to choose from said model storing section the model 
corresponding to the input and output which are not unusual as for the case where abnormalities are detected with 
this abnormality detection means. Said control input count means It is the multi-variable control automatic 
controller characterized by calculating a control input so that the valuation basis given there may be made into min 
using the model chosen with the model-selection means. 
[0008] 

[Function] Two or more things which modeled the process which an automatic controller tends to control are 
stored in the model storing section for every I/O. The model-selection means is monitoring continuously the 
condition of several-variables I/O that an automatic controller inputs, chooses the optimal (as opposed to usable 
I/O variable) model corresponding to the I/O which does not show the abnormal condition, and sets it as a control 
input count means. 

[0009] The set-up model is used for a control input count means, and the normal controlled variable from a 
process calculates a control input so that the control -objectives value given may be approached. Thereby, even 
when abnormalities occur in a part of many inputs and many output variables, except for the input or output which 
shows abnormalities, it makes it possible to continue control. 
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[0010] 

[Example] Hereafter, the example of this invention is explained to a detail using a drawing. Drawin g 1 is the 
configuration block Fig. of one example of this invention. In drawing, the process whose 1 is a controlled system, 
and 2 input the process signal (controlled variable) 0) PV of several variables, and the control-objectives value SV 
(j) from a process 1, and they are a control input count means to calculate the control input MV of several 
variables G) so that a controlled variable may follow each control-objectives value, and they are constituted so 
that the control input M V (j) which makes min the valuation basis (performance index) given there may be 
calculated, respectively. 

[001 1] 3 is the model storing section which stored two or more models which described the causal relation 
beforehand for every combination of each input of the process 1 which is a controlled system, and an output. An 
impulse response model which each model stored here is what modeled the process so that it may correspond to 
the combination of each input of a process and an output which is the controlled system of an automatic 
controller, for example, is described by (1) formula is used. 
[0012] 

PV(k+1) =Nsigmai=1 hi-MV (k-i +1) 
limi(i->infinity) hi=0 — (1 ) 

Here, hi is the impulse response multiplier of a model. Drawin g 2 is an explanatory view expressing the process 
dynamics by the impulse response model. Thus, the impulse response model expressed does not need to assume a 
model degree in the phase of modeling, and, also in the case of the unique process [ like / remarkable ] which is a 
recycle system, is that a model expression is possible. 

[0013] When return and 4 are abnormality detection means, and the control input from the control input count 
means 2 and the controlled-variable signal from a process 1 are continuously monitored to drawin g 1 , for example, 
the value of a signal changes to it unusually, the abnormal condition based on the fault of a sensor etc. is detected 
from from. 5 sets the model which is a model-selection means to choose from the model storing section 3, and 
chose the model corresponding to the input and output which are not unusual here as the control input count 
means 2, when abnormalities are detected with the abnormality detection means 4. 

[0014] The control input count means 2 is constituted so that the valuation basis given there may be made into 
min using the model set up by the model-selection means 5 and a control input may be calculated. Thus, actuation 
of the constituted equipment is explained below. Two or more models corresponding to the combination of each 
input of a process 1 and an output are beforehand set to the model storing section 3. The abnormality detection 
means 4 is monitoring continuously the controlled-variable signal outputted from a process 1, and the control input 
signal which the control input count means 2 outputs to a process 1 . Moreover, the model-selection means 5 is 
looking at the judgment result in the abnormality detection means 4 for every control period of an automatic 
controller. And the model corresponding to the input and output which are not unusual is chosen from the model 
storing means 3 for every I/O one by one, and they are transmitted to the control input count means 2. 
[0015] Drawin g 3 is a flow chart which shows model-selection actuation with this model-selection means 5. Here, 
the output (response parameter) of the model which judged the input and output of a model, concerning [ whether 
they are abnormalities and ] all inputs and all outputs, and was judged not to be unusual is copied to an input 
numerical order, and the sequential transfer of them is carried out at the control input count means 2. The control 
input count means 2 calculates this control input using the model output transmitted from the control objectives 
set up, the valuation basis, and the model-selection means 5, the process input to last time, and process I/O. It 
will be as follows if the procedure which calculates a control input is shown supposing the thing equipped with the 
function which calculates the reference orbits (first-order lag from a current controlled variable to a control- 
objectives value etc.) which specify how a current controlled variable brings close to a control-objectives value 
now by inputting the current controlled variable and current control-objectives value which are given from a 
process 1 into the control input count means 2. 

[0016] First, a reference orbit is calculated by the function which calculates the reference orbit within a control 
input count means. This reference orbit refj (reference orbit of the j-th output) is performed for example, using (2) 
types. 

refj(i) =alphai-PV+ (1 -alphai) and SV — (2) 

i= — 1,2,3 — , and H — here — alpha=exp (-3 and TS/TR) 

PV; controlled-variable SV; control-objectives value TS; control period TR; the reference orbit refj acquired by 
count of a response period, then (2) types is applied to (3) types, and this control input MVj that makes min the 
performance index shown by this formula is calculated. 

[0017] Performance index :Nsigmaj=1 Hsigmai=1 {refj(i)-LTsigmak=1 ai-MVj(i-k)} 2 — (3) 
Here, it is j; output number. 

N; output several H; prediction section ai; impulse response multiplier LT; — the method of count of a control input 
using the model output in the control input count means 2 which is the model output transmitted from the number 
LTsigmak=1 ai-MVj(i-k); model-selection means 5 of an impulse response can use various optimization techniques, 
such as linear programming and a maximum grade method, when a model can write mathematically 
[0018] in addition, although it assumed that two or more models held in the model storing section were prepared 
corresponding to the combination of each input and an output in the above-mentioned explanation, two or more 
models are prepared to the same I/O — it is made like (a definition is given), and the optimal model is changed 
according to fluctuation of a service condition or a control condition, and you may make it use Thereby, gain- 
scheduling control can be performed. 
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[0019] 

[Effect of the Invention] Two or more models which describe the causal relation of a controlled system according 
to [ as explained to the detail above ] this invention are held, and an usable model is chosen and extracted in the 
real time out of it, it is what calculated the control input using the model, and even when a part of several- 
variables I/O becomes abnormalities by failure of a sensor and an actuator, the multi -variable control automatic 
controller which can perform succeedingly normal control action can be realized. 

[0020] Moreover, according to fluctuation of a control condition, stable control can be performed by switching a 
control system (model) to the optimal thing by preparing two or more models to the same I/O. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the configuration block Fig. of one example of this invention. 

[ Drawin g 2] It is an explanatory view expressing the process dynamics by the impulse response model. 
[ Drawin g 3] It is the flow chart which shows model-selection actuation with the model-selection means 5. 
[ Drawin g 4] It is the configuration block Fig. showing an example of the conventional multi -variable control 
automatic controller. 

[Drawing 5] It is the configuration block Fig. showing an example of the conventional multi-variable control 
automatic controller. 

[&r_3WLQgJ5] It is the wave form chart showing the example of a control response in the equipment of d rawin g 4 . 
[ Drawin g 7] It is the wave form chart showing the example of a control response in the equipment of drawin g 5 . 
[Description of Notations] 

1 Process (Plant) 

2 Control Input Count Means 

3 Model Storing Section 

4 Abnormality Detection Means 

5 Model-Selection Means 
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DRAWINGS 



[ Drawin g 1] 
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[Drawing 4] 
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[Drawing 6] 
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[ Drawin g 3] 
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